Forced exhalation against a closed glottis, known as the Valsalva maneuver, is an important clinical diagnostic and therapeutic tool due to its physiologic effects. Several unique conditions and anatomic changes can occur with repetitive or acute changes in pressure from the Valsalva maneuver. We will discuss and review various pertinent head and neck imaging cases with findings resulting from induced pressure gradients, including the Valsalva maneuver. Additionally, we will demonstrate the diagnostic utility of the Valsalva maneuver in head and neck radiology.
T he Valsalva maneuver, defined as forceful exhalation against a closed glottis, has multiple physiologic effects. The maneuver can be divided into 4 major phases of physiologic response: First, the initial exhalation increases intrathoracic pressure and forces blood into the left atrium. Second, the high intrathoracic pressure causes decreased systemic venous return. Next, as intrathoracic pressure returns to normal, cardiac output oscillates due to mixed effects from aortic dilation and improving venous return. Finally, once thoracic pressure normalizes, cardiac output stabilizes and sometimes transiently increases above baseline. 1 Throughout this process, the maneuver also results in opening the Eustachian tube, partially due to contraction of the tensor veli palatini muscle. While the complex effects of the Valsalva maneuver have multiple clinical applications, the increase in intrathoracic pressure, decreased systemic venous return, and opening of the Eustachian tube are particularly relevant to the following discussion (Table 1) . A wide spectrum of head and neck imaging findings has been attributed to the Valsalva maneuver or other similar induced-pressure gradients. Knowledge and recognition of these findings can be especially valuable to the neuroradiologist.
The goal of this review was to summarize common entities with imaging findings related to the Valsalva or similar physiologic maneuvers, accompanied by case examples ( Table 2 ). Most cases had either a documented clinical history consistent with acute or chronic repetitive use of the Valsalva maneuver or were used to demonstrate how the Valsalva maneuver can be used during imaging to accentuate findings in a diagnostically beneficial way. A minority of cases had an uncertain-but-suspected clinical history of repetitive Valsalva maneuvers. These were included as classic examples of Valsalva-related pathology.
VALSALVA-RELATED CASES BY ANATOMIC LOCATION

Neck: Spontaneous Pneumomediastinum
Pneumomediastinum is a well-recognized condition commonly resulting from esophageal or airway trauma. 2 It is especially pertinent to neuroradiologists in the emergency setting because the findings may be initially seen on neck imaging as air dissects cranially from the superior mediastinum. Valsalva behaviors are among the most common causes of spontaneous pneumomediastinum. Overall, studies on pneumomediastinum have shown coughing, vomiting, drug inhalation, and physical activity to be among the most frequent inciting events. 3 For example, pneumomediastinum can occur due to barotrauma when users attempt inspiration through a high-resistance smoking apparatus, which causes an increase in alveolar air volume, a decrease in perialveolar pressure, and rupture due to the induced pressure gradient. 4 A similar phenomenon can occur with cocaine inhalation. In this case, pressure changes due to inhalation and chronic ischemic necrosis of the pharynx secondary to cocaine abuse lead to pharyngeal perforation and pneumomediastinum. Although less common, pneumomediastinum has also been previously reported with more benign Valsalva behaviors involving the airway, such as repetitively blowing into a bottle. 5, 6 Repetitive vomiting can also cause pneumomediastinum. For instance, cyclic vomiting syndrome (cannabinoid hyperemesis syndrome), a rare condition of severe repeated bouts of vomiting in daily long-term users of marijuana, may cause pneumomediastinum by increasing intra-alveolar pressure (Fig 1) .
Pneumomediastinum will slowly resolve as air is resorbed, provided that the underlying cause is reversed. The diagnosis is often made with a chest radiograph, though CT and an esophagram can help define the extent of the abnormality and suggest a cause.
Neck: Jugular Phlebectasia
While it is very common to have asymmetry in the size of the internal jugular veins, there are uncommon reports of focal aneurysmal dilation of the jugular vein. Jugular phlebectasia is typically an incidental and benign finding but can present with neck pain or cosmetic concerns ( Fig 2) . This is often accentuated by straining or the Valsalva maneuver ( Fig 3) . While many of these cases present during childhood, this phenomenon has also been reported in adults. CT, sonography, and MR imaging can all be used to establish this diagnosis, but the use of the Valsalva maneuver is critical in inducing maximum dilation of the jugular vein. Treatment is not required if the patient is asymptomatic, 7 but surgery has been used in some cases due to symptoms or for cosmetic indications. 8
Neck: Laryngocele
Laryngoceles are air-filled dilations of the saccule of the laryngeal ventricle. Internal laryngoceles are confined to the ventricle, while external laryngoceles herniate beyond the thyrohyoid membrane. Laryngoceles are often asymptomatic and found incidentally at imaging ( Fig 4A) . 9 Laryngoceles usually contain air and communicate with the lumen of the larynx; however, if obstructed, they may fill with mucus ( Fig 4B) . External laryngoceles may be more visible and can present as a neck mass. Internal laryngoceles, when symptomatic, can contribute to airway dysfunction such as hoarseness, coughing, dysphonia, or, less commonly, airway compromise. Laryngoceles are associated with Valsalva-related maneuvers. For example, chronic cough and occupations such as glassblowing can cause laryngoceles. Additionally, laryngoceles have been observed to enlarge in real-time with the Valsalva maneuver, which could be used to increase diagnostic certainty in unclear cases. 9 In some cases, an etiology for laryngoceles may not be found. 10 Because these are usually incidental, the role of imaging is often to exclude a malignant cause, such as laryngeal cancer causing a secondary laryngocele. Simple excision can be performed for symptomatic cases. 11
Skull Base/Face: Periorbital Emphysema and Nontraumatic Orbital Floor Fracture
Periorbital emphysema, often in the setting of blowout fractures of the orbit, is commonly seen in trauma. However, several cases of periorbital emphysema and even nontraumatic orbital fractures have been reported. These have been reported to occur with activities that cause increased intranasal pressure often related to forceful Valsalva maneuvers and include weight-lifting, pressure changes from airplane travel or free diving, and even forceful nose-blowing ( Fig 5) . In addition, some of these have occurred in the setting of chronic paranasal sinus disease, which has been hypothesized to weaken the orbital floor, making these individuals more susceptible to nontraumatic pathologic fractures. 12 Treatment is similar to that of traumatic cases and depends on the presence of surgical abnormalities, such as entrapment, compartment syndrome, or persistent diplopia. If no surgical treatment is required, patients are educated to avoid any activities that raise intranasal pressure.
Skull Base/Face: Pneumoparotid
The term "pneumoparotid" indicates the presence of air within the parotid gland parenchyma, which may extend from forced air through the parotid duct. This may occur with an intraoral pressure increase (eg, blowing up a balloon, playing the trumpet, or with mask anesthesia), which causes air to reflux through the Stenson duct. Pneumoparotid is more likely to occur in patients with compromised natural protective mechanisms. For example, dilation of the Stenson duct, masseter hypertrophy, or buccinator muscle weakness can predispose to pneumoparotid by altering the anatomy of the mucosa normally sealing the duct entrance. 13 Acute cases can occur in the setting of dental procedures using air-powered cleaning devices that rapidly increase intraoral pressure up to 20-fold above normal. 14 Chronic or recurrent cases often occur in occupational settings such as glassblowing or wind instrument playing. Nonoccupational causes include cystic fibrosis, obstructive pulmonary disease, or other diseases that lead to a chronic cough. 15 Additionally, pneumoparotid can be seen in patients with repetitive psychosocial-related Valsalva behaviors ( Fig 6) . Patients may be misdiagnosed with parotitis because they will appear to have swelling and pain localized to the parotid region. In some cases, pneumoparotid can be clinically distinguished from parotitis by the presence of crepitus with external palpation of the gland. Most pneumoparotid cases will have concomitant infection/inflammation due to the abundant oral flora refluxing into After additional work-up to exclude any associated cardiovascular or genetic abnormality, the family was reassured that this was consistent with benign jugular phlebectasia. the duct. The main role of cross-sectional imaging is to identify air in the parotid gland/duct and evaluate the extent of disease. Moreover, imaging may identify dissection of air into the parapharyngeal or retropharyngeal spaces, which can occur in cases of a particularly high-pressure pneumoparotid. 16 Treatment is usually conservative, with patient education being key.
Skull Base/Face: Hyperpneumatization of the Skull Base
Pneumatization of the skull base and paranasal sinuses occurs in 3 stages: infant (younger than 2 years), transitional (2-4 years), and adult. Pneumatization can be developmentally exuberant, which is considered a normal variant. 17 However, hyperpneumatization and pneumatization of unusual locations like the craniocervical junction have also been associated with repetitive Valsalva maneuvers. It is thought that during the Valsalva maneuver, a ball valve mechanism occurs wherein air is forced into the Eustachian tube and subsequently trapped (Fig 7) . 18 Coughing and high-altitude travel can lead to hyperpneumatization as well, putatively through the same mechanism. Skull base hyperpneumatization through these mechanisms is not entirely benign. The high pressure associated with this process can induce bone ischemia and lead to microfractures. 19 Additionally, hyperpneumatization has been reported to extend to the craniocervical junction and epidural space. 20 This likely occurs due to venous transmission of air and the presence of microfractures, respectively. Fortunately, hyperpneumatization and epidural air have been shown to be reversible, sometimes by simply instructing patients to avoid repetitive Valsalva maneuvers. However, more aggressive treatment such as tympanic pressure equalization via ventilation tubes can be necessary. Patients with skull base hyperpneumatization should be advised to avoid contact sports due to the increased risk of traumatic fracture. 19 It is important to document the presence of skull base hyperpneumatization. Skull base surgical approaches may be altered if important neurovascular structures may have unexpected anatomy due to extended areas of dehiscence. Extreme skull base pneumatization also carries an elevated risk of CSF leak during a skull base or intracranial operation. Last, hyperpneumatization must be clearly differentiated from pathologic osseous lucency. 17
Orbit: Orbital Varix
Orbital varices can be classified as primary (congenital/idiopathic) or secondary, often due to upstream high-flow vascular lesions such as intracranial arteriovenous malformations, carotid cavernous fistulas, or dural arteriovenous fistulas. Overall, they are quite rare and make up a minority of orbital lesions (approximately 1%-2%). They typically present in the second or third decade affecting males and females equally. Most exhibit Pneumoparotid. A 57-year-old man was referred to the Ear, Nose and Throat department for chronic bilateral parotid swelling and pain, having been previously treated with antibiotics for parotitis with no symptom improvement. The patient reported periodically massaging his parotid glands, which expressed bubbly saliva into his mouth and temporarily alleviated his symptoms. Axial T1-weighted noncontrast axial (A) and coronal (B) MR images demonstrate marked dilation of the parotid ducts bilaterally (arrows). On further questioning, the patient recalled that he had been chronically pursing his lips and putting pressure inside his mouth. He was advised to avoid this in the future and to return should his symptoms worsen.
characteristic distension with maneuvers that increase venous pressure (eg, coughing, breath-holding) because they have a large communication with the venous system. This is termed "stress proptosis," which is dramatic protrusion of the eye with any Valsalva-type maneuver. This ability to enlarge with a Valsalva maneuver is key to imaging and confirming the diagnosis (Fig 8) . Occasionally, the venous communication is minimal, and these cases can present with acute onset of painful proptosis relating to thrombosis and hemorrhage. 21 Intervention, either surgical or endovascular, is usually reserved for symptomatic cases resulting from mass effect or thrombosis. 22
Cranial: Transient Global Amnesia
Transient global amnesia is defined as an episode of anterograde or retrograde amnesia lasting ,24 hours. It has been reported to be associated with diffusion restriction in the CA1 subfield of the hippocampus. There have been several previously reported cases in association with the Valsalva maneuver and a variety of physical activities. 23, 24 It is possible that transient global amnesia occurs due to retrograde flow in the internal jugular vein induced by the Valsalva maneuver, leading to temporary cerebral venous congestion. Others have theorized that paradoxical emboli precipitated by the Valsalva maneuver might lead to transient global amnesia, though patients with transient global amnesia have not been shown to have a higher incidence of right-to-left shunts. 24 Ultimately, the exact pathogenesis of transient global amnesia is uncertain, but its correlation with the Valsalva maneuver is quite diagnostically useful. We have seen hippocampal infarcts associated with transient global amnesia after weight-lifting ( Fig 9A, -B ) and associated with sexual intercourse (Fig 9C, -D) .
Cranial: Spontaneous Nontraumatic Pneumocephalus
Pneumocephalus refers to the abnormal presence of intracranial air, which is usually due to trauma or an operation. However, rare cases of spontaneous pneumocephalus have been reported in the literature, typically related to the Valsalva maneuver, cranial defects, infection, or neoplasm. 25 Sometimes, predisposing factors such as sinus osteomas can be seen in association with spontaneous nontraumatic pneumocephalus (Fig 10) . Osteomas may lead to osseous erosion, providing a conduit for air to enter the skull from paranasal sinuses or air cells. The air then may become trapped through a ball valve mechanism as the cranial defect is sealed by the arachnoid membrane. 26 Regardless of the cause, pneumocephalus is important to recognize because it can cause headache or sensations of increased pressure. In cases of unexpected clinical decompensation, particularly in postoperative patients, mass effect on the brain from pneumocephalus (tension pneumocephalus) is an important consideration that requires prompt surgical attention.
CONCLUSIONS
The unique physiologic changes that occur from the Valsalva maneuver can result in a variety of head and neck abnormalities with characteristic imaging findings. Additionally, the Valsalva maneuver can be intentionally used during imaging to aid in diagnosing various conditions. Identification of Valsalva-related imaging abnormalities can help prompt clinicians to elicit relevant history from patients. Thus, it is important to recognize these findings, carefully correlate them with relevant clinical history, and communicate with referring clinicians if additional history must be obtained. It is also helpful to have knowledge of lesions commonly encountered on routine imaging that predispose patients to the Valsalva or other pressure gradientrelated effects. Some of the entities presented are incidental findings and do not necessarily have immediate clinical significance. However, it is important to recognize these findings as well to avoid incorrect diagnoses or unnecessary additional work-up, especially true in cases in which use of the Valsalva maneuver during imaging supports the benignity of a lesion. Recognition of these cases will help clinicians make clinically relevant diagnoses and prevent undue treatment of benign, incidental findings.
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